Objectives We reviewed our patients with pathologic T3b renal cell carcinoma (RCC) to determine which factors inXuenced survival in this high risk patient group. Methods From April 1988 to August 2006, 722 patients underwent nephrectomy for RCC at Vanderbilt University. 128 patients (17%) had T3b disease by 2002 AJCC TNM staging criteria. 31 (24%) of these patients had known metastases at the time of nephrectomy. Patient demographics, clinical, and pathological characteristics were collected. Results There were 95 men (74%) and 33 women (26%) whose median age was 64 years (range 35-87). Median follow-up was 25.2 months (0-124). Median follow-up among those still alive at last follow up was 45.8 months (2.4-114). For overall survival (OS), disease speciWc survival (DSS), and recurrence free survival (RFS), non-clear cell histology, grade, presence of sarcomatoid features, LN positive disease, presence of necrosis, positive margins, and metastasis present at the time of nephrectomy were all associated with worse outcomes. Race, gender, ASA class, age, and inferior vena cava (IVC) involvement were not associated with outcome. On multivariate analysis, metastasis at the time of nephrectomy, margin involvement, and the presence of necrosis were independently associated with decreased OS and DSS. The presence of necrosis and lymph node involvement were independent predictors of worse RFS.
Introduction
Renal cell carcinoma (RCC) with renal vein and inferior vena cava (IVC) involvement is discovered in 5-20% of the 54,000 newly diagnosed RCC's each year [1] . Because of modern operative techniques and post-operative care, most patients with RCC and invasion into the renal vein and IVC are successfully treated through surgical management. Despite excellent survival in the perioperative period, the 5-year survival rate in this patient population without metastasis is only 40-60% [2] [3] [4] . In some studies, 5-year survival rate drops to less than 20% with the presence of metastatic disease [5] .
Predicting prognostic factors in patients with T3b RCC is important for determining future surveillance protocols and treatment strategies as surgical excision of metastatic disease following nephrectomy with thrombectomy gives patients their best chance for survival [6] . In addition, the growing number of targeted agents now available to treat advanced RCC as well as several studies examining the possible role of adjuvant therapy in high risk patients suggests that prognostic factors may play a role in selecting patients for these types of therapy in the future. The TNM staging system is the most widely used classiWcation system for RCC however, there have been many recent suggestions for modiWcation of the staging system based on survival trends in large case series [7, 8] . There is a growing appreciation that T3b RCC encompasses a heterogeneous group of tumors that have varying prognoses. A number of diVerent variables including the level of tumor thrombus, vascular wall invasion, sarcomatoid features, and invasion of the perinephric fat have been shown to aVect prognosis in some series but not others [7, 9] . Due to discrepant and sometimes contradictory Wndings across studies it has been diYcult to come to a consensus as to which variables should be used to further reWne prognosis in patients with pT3b RCC. We reviewed our own series of patients with pathologic T3b RCC to determine which factors inXuence survival in this high risk patient group at our institution.
Methods
From April 1988 to August 2006, 722 patients underwent nephrectomy for RCC at Vanderbilt University. 128 patients (17%) had T3b disease by 2002 American Joint Committee on Cancer TNM staging criteria. 31 (24%) of these patients had known metastases at the time of nephrectomy. We assessed the impact of race, gender, tumor histology, Fuhrman nuclear grade, ASA class, lymph node (LN) status, the presence of metastases, margin status, and the presence of necrosis or sarcomatoid features in the Wnal pathology. Pathology reports that identiWed necrosis in the gross specimen description were classiWed as having necrosis present. Tumor thrombus location was classiWed as involving solely the renal vein or the IVC and renal vein. Due to the relatively small number of patients with nonclear cell histology, analysis of histology was limited to clear cell (conventional) RCC versus non-clear cell histology. Similarly, for grade there were only 3 grade one RCC tumors, so these were grouped with grade two. Thus for Fuhrman grade there were three groups, Grade 1-2 (low grade), Grade 3 (medium) and Grade 4 (high grade). For lymph node status, patients were grouped as either having pathologically proven positive lymph nodes or not. The latter group included patients with radiographically negative lymph node enlargement without evidence of enlarged lymph nodes intra-operatively who did not undergo formal lymphadenectomy and were thus classiWed as pNx on Wnal pathology.
The study end points were overall survival (OS), disease speciWc survival (DSS), and recurrence free survival (RFS). These values were calculated from the date of surgery to either date of last follow up or the relevant event (death, disease speciWc death, or recurrence). The retrospective nature of this study precluded a standardized follow-up protocol to identify recurrence in our patient population. Nonetheless, most patients at a minimum of every six months underwent chest Wlms, CT scans of the abdomen and pelvis, and comprehensive metabolic panel blood draws for the Wrst three years followed by yearly imaging of the chest, abdomen, and pelvis thereafter. Patients who had not recurred or died were censored at last follow up. For RFS, patients with metastases at the time of nephrectomy were excluded from the analysis. For univariate analyses, the Kaplan-Meier and log-rank method was used to determine factors that impacted OS, DSS, and RFS. Multivariate analyses were accomplished by using a Cox proportional hazard regression model. All analyses utilized commercially available software (Statview, Cary, NC).
Results
Radical nephrectomy and tumor thrombectomy was performed in all 128 patients with T3b disease. Pathologic evaluation of the surgical specimens conWrmed RCC with either renal vein or renal vein in addition to IVC thrombus. There were 95 men (74%) and 33 women (26%) whose median age was 64 (range 35-87) years. Median follow-up was 25.2 months (0-124). Median follow-up among those still alive at last follow up was 45.8 months (2.4-114). Table 1 lists pathologic Wndings of this patient cohort. Most of the patients were found to have clear cell carcinoma and had tumor venous extension to the level of the IVC in addition to the renal vein. Median tumor size was 9.9 cm (3.5-21). For the whole group, median OS was 30.8 months, median DSS was 34.3 months, and median RFS was 23.3 months.
On univariate analysis, non-clear cell histology (P < 0.0001), grade (P = 0.0063), presence of sarcomatoid features (P = 0.0005), LN positive disease (P < 0.0001), presence of necrosis (P < 0.0001), positive surgical margins (P = 0.0005), and metastasis present at the time of nephrectomy (P < 0.0001) were all associated with worse OS (see Fig. 1 ). For DSS, on univariate analysis non-clear cell histology (P < 0.0001), grade (P = 0.0007), presence of sarcomatoid features (P = 0.0001), LN involvement (P < 0.0001), necrosis (P < 0.0001), positive margins (P = 0.0009), and metastasis present at the time of nephrectomy (P < 0.0001) were associated with worse outcomes (see Fig. 2 ). RFS was negatively associated with non-clear cell histology (P < 0.0001), grade (P = 0.003), LN positive disease (P < 0.0001), necrosis (P < 0.0001), and sarcomatoid features (P = 0.0001) on univariate analysis (see Fig. 3 ). Race, gender, age, ASA class, and IVC involvement were not found to signiWcantly impact OS, DSS, or RFS on univariate analysis.
On multivariate analysis, metastasis at the time of nephrectomy (P = 0.0002), margin involvement (P = 0.0025), and the presence of necrosis (P = 0.0005) were indepen-dently associated with decreased OS (Table 2) . These same variables were also independently associated with worsened DSS (Table 3 ). In addition, the presence of lymph node involvement (P = 0.03) and necrosis (P = 0.003) were independent predictors of worse RFS (Table 4) .
Discussion
Surgical resection is the mainstay of treatment in patients with RCC involving tumor thrombus. Pathologic staging is a predictor of long-term prognosis in this patient population, however prognosis varies even among tumors within the same stage. We present an analysis of our experience in patients with T3b RCC. We report that the presence of metastasis at the time of nephrectomy was the strongest independent predictor of survival, however other factors such as lymph node positivity and the presence of macroscopic necrosis in the pathological specimen are signiWcant independent prognostic factors when calculating RFS, DSS, and OS.
Many groups have proposed reclassiWcations of the currently used AJCC TNM staging system based on tumor thrombus extension, however most recent series demonstrate no diVerences in survival based on the extent of the thrombus [2, 5, [10] [11] [12] . In a prior publication, we have addressed our operative techniques for resection of renal masses with IVC extension [13] . Both in that analysis and in our current series, the level of tumor thrombus did not inXuence OS, RFS, or DSS.
The presence of necrosis in the pathologic specimen was a poor prognostic indicator in our series both on univariate and multivariate analyses. This Wnding of necrosis is infrequently addressed in renal cell carcinoma case series. A notable exception is a review addressing the presence of necrosis in a large series similar to ours published from the group at the Mayo Clinic. Their retrospective review showed a signiWcant impact on cancer speciWc survival when necrosis was present in the pathologic specimen [5] . In their series, the 5-year cancer speciWc survival rates for patients with and without tumor necrosis were 26 and 61%, respectively (P < 0.001). Necrosis is a frequent Wnding in high stage renal cell carcinoma yet because it is infrequently analyzed, most centers do not consider this a prognostic factor. We believe that necrosis should be included as part of the pathology report in order to help guide prognosis in this high risk patient group.
These results need to be conWrmed in large, randomized, prospective trials, however we believe that the presence of necrosis in a pathologic specimen should prompt closer follow-up in this high risk patient group. The potential advantageous eVects of diVerent adjuvant treatments such as A phase III randomized prospective trial comparing sorafenib, sunitinib, and placebo is now ongoing that may help address the need for adjuvant treatment in high risk patient populations such as ours. However, until further data is available, we do not advocate using systemic, adjuvant treatment in T3b patients with necrosis on pathologic review. Our study is limited by both its retrospective nature and single institution experience and therefore carries with it all the inherent potential issues associated with all such studies. In addition, although all pathology was done at our institution, there were multiple diVerent pathologists who read and interpreted the specimens. While this carries a risk of introducing bias into the results that are hard to correct for, it also is more representative of a general urology practice. Because this analysis was performed retrospectively, factors such as the percentage of necrosis involving the tumor and comments on microscopic necrosis could not be reliably evaluated.
Despite these limitations, we feel that our results are important in demonstrating the prognostic impact of multiple factors in a large cohort of modern patients with T3b renal cell carcinoma over a period of 18 years. Although more study is needed to validate these results, we believe that the presence of necrosis in a RCC specimen should be noted in the pathology report as it can aid in predicting prognosis after nephrectomy and allow one to better tailor surveillance protocols and post-operative treatment. 
